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(57) ABSTRACT 

Asegmented poWer strip for supplying electrical poWer to a 
robotic device for use in a data storage system, the robotic 
device adapted to move along a guide rail. The poWer strip 
includes ?rst and second substantially planar members each 
having an end and a conductor for making electrical contact 
With the robotic device. The ?rst and second members are 
assembled to create a joint Where the conductor of the ?rst 
member is proximate the conductor of the second member 
such that the robotic device maintains electrical contact With 
at least one conductor as the robotic device traverses the 

joint. The ends of the ?rst and second members are adapted 
to cooperate such that at least one of the ?rst and second 
members moves laterally relative to the other during assem 
bly thereof. At least one of the ?rst and second members is 
biased against lateral motion relative to other. 
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SEGMENTED POWER STRIP FOR AN 
AUTOMATED ROBOTIC DEVICE AND METHOD 

FOR JOINING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional application Serial No. 60/302,248 ?led Jun. 29, 2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the dis 
tribution of poWer in a data storage system and, more 
particularly, to a segmented poWer strip for distributing 
poWer to an automated robotic device for use in a tape 
cartridge library system. 

[0004] 2. Background 

[0005] Current automated libraries for tape cartridges 
typically include arrays of multiple storage cells housing the 
tape cartridges, as Well as multiple media drives. Multiple 
automated robotic devices may be used to move tape car 
tridges betWeen the various storage cells and media drives 
Within a library. 

[0006] As described in detail beloW, the use of multiple 
robotic devices in automated tape cartridge libraries raises 
various problems concerning the distribution of poWer to 
such robotic devices. More particularly, robotic devices used 
in automated tape cartridge libraries require poWer for 
operation thereof. In prior art automated tape cartridge 
libraries, the movement of the robotic devices is restricted 
by Wire cable connections used for providing such poWer. 
That is, such cabling can prevent the robotic devices from 
crossing paths, or from continuous movement in one direc 
tion around the library Without the necessity of ultimately 
reversing direction. 

[0007] Such problems can be overcome through the use of 
brush/Wiper technology. A robotic device traveling over a 
given route may use poWer distributors such as ?xed con 
ductive strips to supply poWer to the robotic device, Which 
itself is provided With brushes or Wipers that contact the 
conductive strips in order to conduct poWer to the robotic 
device. Multiple brushes are preferably used on each robotic 
device to improve robustness and reliability. The integration 
of such conductive strips into the automated tape cartridge 
library, in conjunction With brush contacts provided on the 
robotic devices, alloWs for greater freedom of movement of 
the robotic devices, as Well as for modular and eXtensible 
poWer distribution to robotic devices as library con?gura 
tions change, or as libraries are connected in a modular 
fashion to form library systems. 

[0008] In that regard, such conductive strips may be 
provided in sections. That is, segmented poWer conductors 
or strips may be used to supply electrical poWer to such 
robotic devices. Such poWer strips are joined together along 
a path or guide rail on Which a robotic device moves in the 
library. When used in such a fashion for poWer transmission, 
segmented poWer strips Will be sensitive to alignment so as 
not to create a sloppy joint. Amis-aligned joint in the poWer 
strip may cause a brush to lose contact With a poWer strip due 
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to bounce. Wear on the brushes and poWer strip pieces at the 
joints may also cause limited life of the joint. 

[0009] As a result, there eXists a need for an improved 
segmented poWer strip and a method for joining such poWer 
strips. Such an improvement Would preferably include a 
pre-loaded and overconstrained joint Which Would cause the 
poWer strips in the robot guide rail to substantially align. 
Such an improvement Would preferably include conductors 
slightly longer than the supporting structure of the robot 
guide rail, so as to force adjoining conductors into contact at 
their ends as guide rails and conductors are assembled. In 
addition, adjoining ends of conductors Would preferably be 
beveled or angled such that a force urging the conductors 
together causes the conductors to slip laterally against each 
other, so as to again facilitating alignment at the joint. Such 
a bevel or angle Would also spread out the Wiping action of 
a brush as it traverses the joint, thereby prolonging the life 
of the joint and brush, and limiting any problems that may 
arise as a result of any small offset. Still further, the poWer 
strips Would preferably be pre-loaded or biased by a spring 
load, thereby causing the joint to stay in compression for the 
life of the joint. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention provides for 
improved poWer distribution to an automated robotic device 
in a data storage library using a segmented poWer strip. 

[0011] According to the present invention, then, a seg 
mented poWer strip is provided for supplying electrical 
poWer to an automated robotic device for use in a data 
storage system having a guide rail, Wherein the automated 
robotic device is adapted to move along the guide rail. The 
segmented poWer strip comprises a ?rst substantially planar 
member having an end, the ?rst member comprising a 
conductor for making electrical contact With the automated 
robotic device, and a second substantially planar member 
having an end, the second member comprising a conductor 
for making electrical contact With the automated robotic 
device. The ?rst and second members are assembled to 
create a joint Where the conductor of the ?rst member is 
proximate the conductor of the second member such that the 
automated robotic device maintains electrical contact With at 
least one conductor as the automated robotic device 
traverses the joint, and the ends of the ?rst and second 
members are adapted to cooperate such that at least one of 
the ?rst and second members moves laterally relative to the 
other of the ?rst and second members during assembly 
thereof. The poWer strip further comprises means for biasing 
at least one of the ?rst and second members against lateral 
motion relative to other of the ?rst and second members. 

[0012] Also according to the present invention, a method 
is provided for joining a segmented poWer strip for supply 
ing electrical poWer to an automated robotic device for use 
in a data storage system having a guide rail, Wherein the 
automated robotic device is adapted to move along the guide 
rail. The method comprises providing a ?rst substantially 
planar member having an end, the ?rst member comprising 
a conductor for making electrical contact With the automated 
robotic device, and providing a second substantially planar 
member having an end, the second member comprising a 
conductor for making electrical contact With the automated 
robotic device. The ?rst and second members are assembled 



US 2003/0002203 A1 

to create a joint Where the conductor of the ?rst member is 
proximate the conductor of the second member such that the 
automated robotic device maintains electrical contact With at 
least one conductor as the automated robotic device 
traverses the joint, and the ends of the ?rst and second 
members are adapted to cooperate such that the at least one 
of the ?rst and second members moves laterally relative to 
the other of the ?rst and second members during assembly 
thereof. The method further comprises providing means for 
biasing at least one of the ?rst and second members against 
lateral motion relative to other of the ?rst and second 
members. 

[0013] According to another embodiment of the present 
invention, a segmented poWer strip is provided for supplying 
electrical poWer to an automated robotic device for use in a 
data storage system having a guide rail, Wherein the auto 
mated robotic device is adapted to move along the guide rail. 
The segmented poWer strip comprises a ?rst substantially 
planar elongated member having ?rst and second sides and 
an end, the ?rst side having a ?rst electrically conductive 
strip thereon for making electrical contact With the auto 
mated robotic device, the ?rst conductive strip having an 
electrical charge, the second side having a second electri 
cally conductive strip thereon for making contact With the 
automated robotic device, the second conductive strip hav 
ing an electrical charge opposite the electrical charge of the 
?rst conductive strip. The poWer strip further comprises a 
second substantially planar elongated member having ?rst 
and second sides and an end, the ?rst side having a ?rst 
electrically conductive strip thereon for making electrical 
contact With the automated robotic device, the ?rst conduc 
tive strip having an electrical charge, the second side having 
a second electrically conductive strip thereon for making 
contact With the automated robotic device, the second con 
ductive strip having an electrical charge opposite the elec 
trical charge of the ?rst conductive strip. The ?rst and 
second members are assembled to create a joint Where the 
?rst and second conductive strips of the ?rst member are 
proximate the ?rst and second conductive strips of the 
second member, respectively, such that the automated 
robotic device maintains electrical contact With at least one 
?rst conductive strip and at least one second conductive strip 
as the automated robotic device traverses the joint, and the 
ends of the ?rst and second members are adapted to coop 
erate such that at least one of the ?rst and second members 
moves laterally relative to the other of the ?rst and second 
members during assembly thereof. The poWer strip still 
further comprises means for biasing at least one of the ?rst 
and second members against lateral motion relative to the 
other of the ?rst and second members. 

[0014] Still further according to another embodiment of 
the present invention, a method is provided for joining a 
segmented poWer strip for supplying electrical poWer to an 
automated robotic device for use in a data storage system 
having a guide rail, Wherein the automated robotic device is 
adapted to move along the guide rail. The method comprises 
providing a ?rst substantially planar elongated member 
having ?rst and second sides and an end, the ?rst side having 
a ?rst electrically conductive strip thereon for making elec 
trical contact With the automated robotic device, the ?rst 
conductive strip having an electrical charge, the second side 
having a second electrically conductive strip thereon for 
making contact With the automated robotic device, the 
second conductive strip having an electrical charge opposite 

Jan. 2, 2003 

the electrical charge of the ?rst conductive strip. The method 
also comprises providing a second substantially planar elon 
gated member having ?rst and second sides and an end, the 
?rst side having a ?rst electrically conductive strip thereon 
for making electrical contact With the automated robotic 
device, the ?rst conductive strip having an electrical charge, 
the second side having a second electrically conductive strip 
thereon for making contact With the automated robotic 
device, the second conductive strip having an electrical 
charge opposite the electrical charge of the ?rst conductive 
strip. The ?rst and second members are assembled to create 
a joint Where the ?rst and second conductive strips of the 
?rst member are proximate the ?rst and second conductive 
strips of the second member, respectively, such that the 
automated robotic device maintains electrical contact With at 
least one ?rst conductive strip and at least one second 
conductive strip as the automated robotic device traverses 
the joint, and the ends of the ?rst and second members are 
adapted to cooperate such that at least one of the ?rst and 
second members moves laterally relative to the other of the 
?rst and second members during assembly thereof. The 
method further comprises providing means for biasing at 
least one of the ?rst and second members against lateral 
motion relative to the other of the ?rst and second members. 

[0015] The above features, and other features and advan 
tages of the present invention are readily apparent from the 
folloWing detailed descriptions thereof When taken in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective vieW of a robotic device for 
use in an automated tape cartridge library having brush and 
strip poWer distribution according to the present invention; 

[0017] FIGS. 2a and 2b are partial cross-sectional vieWs 
of a robotic device for use in an automated tape cartridge 
library having brush and strip poWer distribution according 
to the present invention; 

[0018] FIG. 3a is a simpli?ed block diagram of a robotic 
device for use in an automated tape cartridge library accord 
ing to the prior art; 

[0019] FIG. 3b is a simpli?ed a block diagram of a robotic 
device for use in an automated tape cartridge library having 
brush and strip poWer distribution according to the present 
invention; 
[0020] FIGS. 4a and 4b are simpli?ed overhead block 
diagrams of a poWer strip and robotic device With conduc 
tive brushes for use in an automated tape cartridge libraries 
according to the present invention; 

[0021] FIGS. 4c and 4d are simpli?ed electrical schemat 
ics depicting poWer supply redundancy schemes according 
to the present invention; 

[0022] FIG. 5 is a perspective vieW of a robotic device for 
use in an automated tape cartridge library having brush and 
Wheel poWer distribution; 

[0023] FIG. 6 a more detailed perspective vieW of a 
robotic device for use in an automated tape cartridge library 
having brush and Wheel poWer distribution; 

[0024] FIG. 7 is another more detailed perspective vieW 
of a robotic device for use in an automated tape cartridge 
library having brush and Wheel poWer distribution; 
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[0025] FIGS. 8a and 8b are side and cross-sectional 
views, respectively, of a brush and Wheel mechanism for 
power distribution to a robotic device in an automated tape 
cartridge library; 
[0026] FIG. 9 is an exploded perspective vieW of poWer 
strip and guide rail joint for use in an automated tape 
cartridge library according to the present invention; 

[0027] FIG. 10 is a perspective vieW of a poWer strip joint 
for use in an automated tape cartridge library according to 
the present invention; 

[0028] FIGS. 11a and 11b are additional perspective 
vieWs of a poWer strip joint for use in an automated tape 
cartridge library according to the present invention; 

[0029] FIGS. 12a and 12b are perspective vieWs of a 
guide rail sections for use in an automated tape cartridge 
library having brush and strip poWer distribution according 
to the present invention; 

[0030] FIGS. 12c-g are cross-sectional and side vieWs of 
a poWer strip and guide rail assembly for use in an auto 
mated tape cartridge library according to the present inven 
tion; 
[0031] FIG. 13 is a simpli?ed, exemplary ?oWchart 
depicting one embodiment of the method of the present 
invention; and 

[0032] FIG. 14 is a simpli?ed, exemplary ?oWchart 
depicting another embodiment of the method of the present 
invention. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT(S) 

[0033] With reference to the Figures, the preferred 
embodiments of the present invention Will noW be described 
in greater detail. The present application incorporates by 
reference herein commonly oWned US. patent application 
Ser. Nos. (Attorney Docket No. 2001-043-TAP), 

(Attorney Docket No. 2001-047-TAP), 
(Attorney Docket No. 2001-048-TAP), (Attorney 
Docket No. 2001-050-TAP;), and (Attorney Docket 
No. 2001-100-TAP), all ?led on the same date as the present 
application. 
[0034] As previously noted, current automated libraries 
for tape cartridges typically include arrays of multiple 
storage cells housing the tape cartridges, as Well as multiple 
media drives. Multiple automated robotic devices may be 
used to move tape cartridges betWeen the various storage 
cells and media drives Within a library. 

[0035] As also noted previously, the use of multiple 
robotic devices in automated tape cartridge libraries raises 
various problems concerning the distribution of poWer to 
such robotic devices. In that regard, segmented poWer 
conductors or strips may be used to supply electrical poWer 
to such robotic devices. Such poWer strips are joined 
together along a path or guide rail on Which a robotic device 
moves in the library. The robotic device may include brushes 
or Wheels for contacting the poWer strips as the robotic 
device moves. 

[0036] When used in such a fashion for poWer transmis 
sion, segmented poWer strips Will be sensitive to alignment 
so as not to create a sloppy joint. A mis-aligned joint in the 

Jan. 2, 2003 

poWer strip may cause a brush to lose contact With a poWer 
strip due to bounce. Wear on the brushes and poWer strip 
pieces at the joints may also cause limited life of the joint. 

[0037] As a result, there exists a need for an improved 
segmented poWer strip and a method for joining such poWer 
strips. Such an improvement Would preferably include a 
pre-loaded and overconstrained joint Which Would cause the 
poWer strips in the robot guide rail to substantially align. 
Such an improvement Would preferably include conductors 
slightly longer than the supporting structure of the robot 
guide rail, so as to force adjoining conductors into contact at 
their ends as guide rails and conductors are assembled. In 
addition, adjoining ends of conductors Would preferably be 
beveled or angled such that a force urging the conductors 
together causes the conductors to slip laterally against each 
other, so as to again facilitating alignment at the joint. Such 
a bevel or angle Would also spread out the Wiping action of 
a brush as it traverses the joint, thereby prolonging the life 
of the joint and brush, and limiting any problems that may 
arise as a result of any small offset. Still further, the poWer 
strips Would preferably be pre-loaded or biased by a spring 
load, thereby causing the joint to stay in compression for the 
life of the joint. 

[0038] More particularly, robotic devices used in auto 
mated tape cartridge libraries require poWer for operation 
thereof. In prior art automated tape cartridge libraries, the 
movement of the robotic devices is restricted by Wire cable 
connections used for providing such poWer. That is, such 
cabling can prevent the robotic devices from crossing paths, 
or from continuous movement in one direction around the 
library Without the necessity of ultimately reversing direc 
tion. 

[0039] Such problems can be overcome through the use of 
brush/Wiper technology. A robotic device traveling over a 
given route may use poWer distributors such as ?xed con 
ductive strips of material to supply poWer to the robotic 
device, Which itself is provided With brushes or Wipers that 
contact the conductive strips in order to conduct poWer to the 
robotic device. Multiple brush or Wiper pairs are preferably 
used on each robotic device to improve robustness and 
reliability. The integration of such conductive strips, Which 
also may be referred to as poWer strips, into the automated 
tape cartridge library, in conjunction With brush or Wiper 
contacts provided on the robotic devices, alloWs for greater 
freedom of movement of the robotic devices, as Well as for 
modular and extensible poWer distribution to robotic devices 
as library con?gurations change, or as libraries are con 
nected in a modular fashion to form library systems. 

[0040] FIGS. 1 and 2a-b shoW perspective and cross 
sectional vieWs, respectively, of a robotic device for use in 
an automated tape cartridge library having brush and strip 
poWer distribution according to the present invention. As 
seen therein, a moveable robotic device (20), Which may be 
referred to as a “handbot” or “picker,” is supported by a 
guide structure or rail (2) having an integrated poWer strip 
(1). Guide rail (2) and/or poWer strip (1) may also be referred 
to as a track. PoWer strip (1) comprises back-to-back con 
ductive surfaces (1A, 1B), preferably copper, separated by a 
dielectric (preferably FR4) in a sandWich-like con?guration. 
As described in greater detail beloW, such a con?guration 
provides for improved impedance control. PoWer strip (1) 
may be a printed circuit board Wherein copper conductors 
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are laminated, glued or etched onto a substrate material. 
Alternatively, power strip (1) may comprise copper foil tape 
glued or laminated onto plastic material, or copper inserts 
molded into a moldable plastic material. Any other methods 
of construction or con?gurations knoWn to those of ordinary 
skill may also be used. 

[0041] Robotic device (20) includes brush contacts (6) for 
providing poWer to robotic device (20). In that regard, the 
back-to-back conductive surfaces (1A, 1B) of poWer strip 
(1) are oppositely charged. An upper brush (6A) in contact 
With one conductive surface (1A), in conjunction With a 
corresponding loWer brush (6B) in contact With the opposite 
conductive surface (1B) thereby supply poWer to the robotic 
device (20). Brushes (6) are contained in housing assembly 
(7) and, to ensure that contact betWeen brushes (6) and 
poWer strip (1) is maintained, brushes (6) are spring loaded 
(8). Multiple or redundant pairs of such upper and loWer 
brushes (6) are preferably provided, and preferably spring 
loaded (8) independently, to improve robustness and reli 
ability in the event of a brush failure, momentary loss of 
contact at one or more brushes due to any track irregulari 
ties, including seams or joints therein, or voltage irregulari 
ties betWeen adjacent poWer strips Moreover, brushes 
(6) preferably have a circular cross-section, such as is 
provided by a cylindrical shaped brush (6), as these are 
better able to traverse a joint or seam (38) in the poWer strip 
(1), Which may more readily impede or catch a square 
shaped brush. 

[0042] Power supplied to robotic device (20) through 
poWer strip (1) and brushes (6) poWers a motor (not shoWn) 
in robotic device (20), Which in turn drives a belt and gear 
system (22). Guide rails (2) includes teeth (24) Which 
cooperate With belt and gear system (22) to permit robotic 
device (20) to move back and forth along guide rails (2) via 
guide Wheels (26). In that regard, it should be noted that 
poWer strip (1) preferably provides DC poWer to robotic 
device (20). As seen in FIG. 1, robotic device (20) may 
thereby gain access to tape cartridges stored in library cells 
(28) located adjacent guide rail It should also be noted 
that While only a single robotic device (20) is depicted, 
poWer strip (1) is preferably suitable, according to any 
fashion knoWn in the art, to provide poWer to multiple 
robotic devices. In that regard, each robotic device (20) is 
suitably equipped With a circuit breaker (not shoWn) in any 
fashion knoWn in the art in order to isolate the robotic device 
(20) from the poWer strip (1) in the event that the robotic 
device short circuits. In such a manner, the failure of the 
entire poWer strip (1) is prevented. 

[0043] Referring noW to FIG. 3a, a simpli?ed block 
diagram of a robotic device for use in an automated tape 
cartridge library according to the prior art is shoWn. As seen 
therein, a prior art robotic device (30) in an automated tape 
cartridge library has a pair of spaced apart, oppositely 
charged poWer rails (32). The robotic device (30) is provided 
With a pair of brush contacts (34) for supplying poWer from 
tWo poWer rails (32) to the robotic device (30), in order to 
alloW movement of the robotic device (30). As seen in FIG. 
3a, the large distance, X, betWeen a cooperating pair of 
brushes (34) creates uneven Wear on the brushes (34) due to 
construction tolerances in the robotic device (30) and the 
track or poWer rails (32). Brushes (34) also causes uneven 
drag on the robotic device (30) by creating a moment load 
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resulting from the separation, X, betWeen the brush (34) and 
poWer rail (32) friction points. 

[0044] FIG. 3b is a simpli?ed a block diagram of a robotic 
device for use in an automated tape cartridge library having 
brush and strip poWer distribution according to the present 
invention. As seen therein, in contrast to the prior art 
con?guration of FIG. 3a, poWer is supplied to the robotic 
device (20) through the poWer strip (1) and brush (6) 
con?guration described in connection With FIGS. 1 and 
2a-b, thereby facilitating the elimination of the large sepa 
ration betWeen a pair of cooperating brushes (6A, 6B), and 
the accompanying problems, and alloWing for loWer con 
struction tolerance requirements. The single rail construc 
tion, tWo-sided poWer strip (1) and brush (6) con?guration 
also acts to reduce costs and provides for a more integrated 
assembly. As seen in FIG. 3b, an optional, non-poWered 
loWer guide rail (36) may also be provided for robotic device 
(20). It should also be noted that the copper foil tape that 
may be used in the construction of the poWer strip (1) may 
be installed in the ?eld during the assembly of the automated 
tape cartridge library. In such a fashion, it may be possible 
to eliminate all electrical joints in poWer strip (1) by using 
a continuous copper foil strip. 

[0045] FIGS. 4a and 4b are simpli?ed overhead block 
diagrams of a poWer strip (1) and robotic device (20) With 
conductive brushes (6) for use in an automated tape car 
tridge libraries according to the present invention. As seen in 
FIG. 4a, poWer strips (1) may be fed poWer from both ends 
thereof, or multiple sections of poWer strips may be fed from 
both ends. Robotic device (20) is preferably provided With 
multiple pairs of cooperating brush contacts (6), only the top 
brushes in each cooperating pair being visible in FIG. 4a. In 
that regard, With reference again to FIGS. 2a and 2b, it 
should also be noted that brush pairs on each side of poWer 
strip (1) are oriented so as to folloW the same path. That is, 
a pair of brushes (6) contacting the same conductive surface 
(1A, 1B) are aligned so that both such brushes (6) contact the 
same part of the conductive surface (1A, 1B) as robotic 
device (20) moves in the library. Such a brush orientation 
facilitates the creation of a bene?cial oXide layer on the 
conductive surfaces (1A, 1B). As Will be discussed in greater 
detail beloW, such an oXide layer helps reduce both electrical 
and sliding resistance betWeen the brushes and the conduc 
tive surfaces (1A, 1B). 

[0046] Referring still to FIGS. 4a and 4b, cooperating 
brush pairs are preferably spaced apart on robotic device 
(20). Such spacing, as Well as the use of multiple cooper 
ating brush pairs provides for greater robustness and free 
dom of movement for robotic device (20) in the event of 
track irregularities, including unevenness or “dead” track 
sections. In that regard, as seen in FIG. 4a, a non-poWered 
or “dead” section (40) of poWer strip (1) Will not necessarily 
prevent robotic device (20) from traversing the full eXtent of 
the poWer strip That is, as the robotic device (20) moves 
across the dead track section (40), one cooperating pair of 
brushes alWays maintains contact With a poWered track 
section (42, 44). Similarly, as seen in FIG. 4b, poWer strip 
(1) may be fed poWer from a more centraliZed region 
thereof. As a result of the separation of cooperating pairs of 
brush contacts, robotic device (20) may be able to traverse 
longer distances than the length of poWer strip (1) onto and 
off of non-poWered end-of-track sections (46, 48), provided 
at least one cooperating pair of brushes maintain contact 
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With powered track section (50). Moreover, in such a fash 
ion, non-poWered track sections may be provided Where a 
robotic device (20) may be deliberately driven off poWer 
strip (1) and thereby poWered doWn for service. 

[0047] In that same regard, FIGS. 4c and 4d depict 
simpli?ed electrical schematics of poWer supply redundancy 
schemes. As seen in FIG. 4c, in a brush and strip poWer 
distribution system, failure of a poWer supply (150) or a 
break (152) in the electrical continuity in a poWer strip (1) 
Will cause a poWer interruption. Such an electrical discon 
tinuity (152) in turn Will result in a loss of poWer to all of the 
robotic devices (20i, 20ii, 20iii, 20iv) connected to the 
conductor. More speci?cally, such an electrical break (152) 
Will result in the loss of poWer to those devices (20iii, 20iv) 
located on the disconnected side (154) of the strip As 
Will be described in greater detail beloW, a brush a strip 
poWer distribution system may be implemented using many 
interconnected segments or sections to create poWer strip 
(1). Each interconnect substantially increases the possibility 
that poWer to part or all of the poWer strip (1) may be 
interrupted. 
[0048] The present design substantially improves the reli 
ability of such a poWer distribution system by ensuring that 
the failure of a single poWer supply or an electrical break in 
poWer strip (1) Will not interrupt operation of the automated 
robotic library. More speci?cally, as seen in FIG. 4d, the 
present invention preferably provides for connecting tWo 
poWer supplies (150i, 150ii), rather than one, to poWer strip 
(1). In the preferred embodiment shoWn in FIG. 4d, the tWo 
poWer supplies (150i, 150ii) are positioned at the tWo ends 
of poWer strip (1), and electrically connected to both ends of 
poWer strip The poWer supplies (150i, 150ii) are pref 
erably of the redundant/load sharing type. 

[0049] When both supplies (150i, 150ii) are active and 
functioning normally, they share the load created by robotic 
devices (20i, 20ii, 20iii, 20iv) nearly equally. In the event, 
hoWever, that one poWer supply (e.g., 150i) fails, the remain 
ing poWer supply (e. g., 150ii) automatically begins to source 
poWer to all of the devices (20i, 20ii, 20iii, 20iv) connected 
to the poWer strip Moreover, in the event of an electrical 
discontinuity or break (152) in the poWer strip (1), each 
poWer supply (150i, 150ii) Will continue to deliver poWer to 
the devices (20i, 20ii, 20iii, 20iv) located on that poWer 
supply’s (150i, 150ii) respective side of the break (152). 
Alternatively, as shoWn in dashed line fashion in FIG. 4c, 
single poWer supply (150) may be con?gured to supply 
poWer to both ends of poWer strip (1), thereby ensuring that 
a break (152) in poWer strip (1) Will not result in loss of 
poWer to any of robotic devices (20i, 20ii, 20iii, 20iv). It 
should be noted that While shoWn in FIGS. 4c and 4d as 
electrically connected at the ends of poWer strip (1), poWer 
supplies (150, 150i, 150ii) may alternatively and/or addi 
tionally be electrically connected to any other point or points 
on poWer strip That is, in a poWer strip (1) comprising 
a plurality of electrically interconnected sections or seg 
ments, poWer supplies (150, 150i, 150ii) may be electrically 
connected to any number of sections anyWhere along poWer 
strip It should also be noted that the poWer supply 
redundancy schemes depicted in FIGS. 4c and 4d are 
equally suitable for use in the brush and Wheel poWer 
distribution system described in detail immediately beloW. 

[0050] Referring neXt to FIGS. 5 through 8a and 8b, 
various perspective, side and cross-sectional vieWs of a 
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robotic device for use in an automated tape cartridge library 
having brush and Wheel poWer distribution according to the 
present invention are shoWn. As seen therein, in this alter 
native embodiment, robotic device (20) is supported by a 
guide rail (2), Which is provided With a pair of oppositely 
charged poWer conductors (3), preferably in the form of 
copper rails. PoWer rails (3) supply poWer to robotic device 

(20) through poWer transmission carriage assembly PoWer supplied to robotic device (20) via poWer rails (3) and 

poWer transmission carriage (4) poWers a motor (not 
shoWn), Which in turn drives belt and gear mechanism (22) 
to permit robotic device (20) to move back and forth along 
guide rail (2) via guide Wheels (26). In that regard, it should 
be noted that poWer rails (3) may provide either AC or DC 
poWer to robotic device (20). It should also be noted again 
that While only a single robotic device (20) is depicted, 
poWer rails (3) are preferably suitable, according to any 
fashion knoWn in the art, to provide poWer to multiple 
robotic devices. As described above in connection With the 
brush and stip poWer distribution, each robotic device (20) 
is suitably equipped With a circuit breaker (not shoWn) in 
any fashion knoWn in the art in order to isolate the robotic 
device (20) from the poWer rails (3) in the event that the 
robotic device short circuits. In such a manner, the failure of 
the poWer rails (3) is prevented. 

[0051] PoWer transmission carriage (4) includes multiple 
cooperating pairs of conduction Wheels (5) (preferably cop 
per), the individual members of a cooperating pair provided 
in contact, respectively, With oppositely charged conductor 
rails Conductive brushes (10) are provided to contact 
conduction Wheels (5) and are spring loaded (11), preferably 
independently, to maintain such contact. To maintain contact 
betWeen conduction Wheels (5) and conductor rails (3), 
poWer transmission carriage (4) also includes vertical pre 
load spring PoWer transmission carriage (4) still further 
includes gimbal arm (7) With pivot shaft (8) and pivot screW 
(9) for carriage compliance. Once again, multiple or redun 
dant conduction Wheel (5) and conductive brush (10) pairs 
are preferably provided, and preferably spring loaded (11) 
independently, to improve robustness and reliability in the 
event of a brush failure, momentary loss of contact at one or 
more Wheels due to any track irregularities, including seams 
or joints therein, or voltage irregularities betWeen adjacent 
poWer rails In that same regard, While a single vertical 
pre-load spring (6) is shoWn, each conduction Wheel (5) 
could also be independently spring loaded to maintain 
contact With conductor rails (3), thereby alloWing for better 
negotiation of any track irregularities or imperfections, 
including joints or seams. 

[0052] The brush and Wheel embodiment can reduce par 
ticulate generation Which may accompany the brush and 
poWer strip embodiment. Moreover, because of the more 
contained nature of the contact betWeen a brush and Wheel 
as opposed to betWeen a brush and eXtended poWer stip, any 
such particulate generation can be more easily contained in 
the brush and Wheel embodiment, such as through the use of 
a container (not shoWn) surrounding the brush and Wheel to 
capture any particulate. The brush and Wheel embodiment 
also provides for improved negotiation of joints by a robotic 
device, such that less strict tolerances are required for joint 
design and assembly. Moreover, a brush passing over an 
irregularity in a poWer strip, such as a joint, scrapes both the 
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brush and the track, causing Wear to both. AWheel can more 
easily negotiate such irregularities, thereby reducing such 
Wear. 

[0053] The brush and Wheel embodiment also provides for 
reduced electrical and sliding resistance. In that regard, a 
bene?cial oxide layer that reduces both electrical and sliding 
resistance develops more easily and quickly betWeen a brush 
and Wheel contact than betWeen a brush and extended poWer 
strip contact, again because of the more contained nature of 
the contact. That is, for a given linear movement of a robotic 
device, a brush covers much more of the surface, and much 
of the same surface of a Wheel than it covers on an extended 
linear conductive strip. 

[0054] The brush and Wheel embodiment also generally 
reduces the spring loading forces required. In that regard, 
because of irregularities in a conductive strip, such as due to 
joints or seams, a high spring loading force is required to 
ensure contact is maintained betWeen a brush and poWer 
strip, particularly over time as the brush Wears. In contrast, 
With a brush and Wheel, there are no irregularities in the 
point of contact betWeen the brush and Wheel. As a result, 
the spring force used to maintain contact betWeen the brush 
and Wheel can be reduced, thereby reducing the drive force 
or poWer necessary to move the robotic device. 

[0055] Still further, the brush and Wheel embodiment also 
reduces track Wear, since the rolling friction betWeen the 
Wheel and track creates less Wear than the sliding friction 
betWeen a brush and poWer strip. In that regard, the con 
ductive strips in a brush and poWer strip embodiment must 
be made suf?ciently thick to alloW for Wear due to brush 
contact over time. Moreover, as previously noted, spring 
loading forces for brushes in a brush and poWer strip 
embodiment must be sufficiently high to ensure contact is 
maintained betWeen the brush and poWer strip over time as 
both Wear. Abrush and Wheel embodiment eliminates these 
concerns and alloWs for the use of a more inexpensive track 
having less stringent design and assembly tolerances. 

[0056] In either of the brush and poWer strip or brush and 
Wheel embodiments, the poWer strip or conduction rails may 
be oriented horiZontally, as shoWn in the Figures, or verti 
cally, or in a combination of both. Indeed, a vertical track 
orientation may be preferred, particularly for curved track 
areas. In that regard, for example, an extended printed circuit 
board poWer strip of the type previously described can be 
easily bent to folloW a curved track area if such a poWer strip 
is provided With a vertical orientation. In contrast, to folloW 
a curved track With a such a poWer strip oriented horiZon 
tally, a curved printed circuit board may need to be specially 
manufactured. Moreover, as the radius of curvature of a 
curved track area decreases, skidding and Wear of Wheels 
increases on a horiZontally oriented track. This can be 
alleviated by a vertically oriented track. 

[0057] Again in either embodiment, the poWer conductors 
or strips may be provided in segments or sections that can be 
electrically connected together in a modular fashion, thereby 
extending the poWer conductors or strip substantially 
throughout a data storage library. Such sections may be 
joined together along the path or a guide rail on Which a 
robotic device moves in the library. In that regard, it should 
be noted that in either embodiment, the segments or sections 
of poWer conductors or strips may be connected in an end to 
end fashion to provide for robotic device movement in a 
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single dimension, or may be connected in a grid-like fashion 
to provide for robotic device movement in tWo dimensions 
and/or to provide poWer across multiple horiZontal paths for 
robotic devices, Which paths may be stacked vertically on 
top of each other, thereby providing for robotic device 
access to multiple media cartridge storage cells arranged in 
a tWo dimensional con?guration of multiple roWs and col 
umns, such as a planar “Wall” or “?oor,” or a curved or 
substantially cylindrical “Wall.” Still further, again in either 
embodiment, the segments or sections of poWer conductors 
or strips may be connected in such a fashion as to provide 
for robotic device movement in three dimensions. 

[0058] When used in such fashions for poWer distribution, 
segmented poWer strips Will be sensitive to alignment so as 
not to create a sloppy joint. Amis-aligned joint in the poWer 
strip may cause a brush to lose contact With a poWer strip due 
to bounce. Wear on the brushes and poWer strip pieces at the 
joints may also cause limited life of the joint. 

[0059] As a result, according to the present invention, a 
joint for such poWer strips is pre-loaded and overconstrained 
to cause the poWer strips in the robot guide rail to substan 
tially align. Such a joint preferably includes conductors 
slightly longer than the supporting structure of the robot 
guide rail, so as to force adjoining conductors into contact at 
their ends as guide rails and conductors are assembled. In 
addition, adjoining ends of conductors are preferably bev 
eled or angled such that a force urging the conductors 
together causes the conductors to slip laterally against each 
other, so as to again facilitate alignment at the joint. Such a 
bevel or angle also spreads out the Wiping action of a brush 
as it traverses the joint, thereby prolonging the life of the 
joint and brush, and limiting any problems that may arise as 
a result of any small offset. Still further, the poWer strips are 
preferably pre-loaded or biased by a spring load, thereby 
causing the joint to stay in compression for the life of the 
joint. 

[0060] Referring next to FIGS. 9 through 12a-g, various 
perspective, cross-sectional and side vieWs of a poWer strip 
and guide rail for use in an automated tape cartridge library 
according to the present invention are shoWn. As previously 
described, poWer strip sections in a brush and poWer strip 
embodiment may be sensitive to alignment. As seen in 
FIGS. 9-12g, guide rail sections (2A, 2B) are designed to 
accept substantially planar, elongated poWer strip sections 
(1A, 1B). In that regard, poWer strip sections (1A, 1B) are 
preferably of the printed circuit board type previously 
described, and preferably include upper (56) and loWer (not 
shoWn) copper conductive layers on opposite surfaces of an 
FR4 type substrate material (58). Track alignment pins (50) 
and holes (52) in guide rail sections (2A, 2B) ensure that 
guide rails sections (2A, 2B) are properly aligned at the 
joint, and a joint bolt (54) is provided to ensure sufficient 
force to maintain the joint. In that regard, an alternative latch 
mechanism (55) is depicted in FIGS. 11a and 11b to provide 
sufficient force to maintain the joint. 

[0061] PoWer strips (1A, 1B) are preferably beveled or 
angled (preferably at 30°) in a complimentary fashion at 
adjoining ends (57, 59) so that such ends (57, 59) Will move 
or slide laterally relative to each other in the X-Y plane 
during assembly of the joint, thereby accounting for varying 
tolerances in the lengths of adjoining poWer strips (1A, 1B) 
and/or guide rails (2A, 2B). In that same regard, poWer strips 










